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Table 3: Correlation matrix, mean,

standard deviation and range
for the poolded date for all halves (n=56).

Tendern.* WBS S Titimn TRl 30KDa
Tendern.* 1.000 QIS0 =0 350 —0.245 D724 070
WBS 1.000 =Gn 558 =0L030 DL 7995 QL7325
Sl 1.000 0.451** -0.114 0L 227
Titin 1.000 =N 0013
=T 1.000 -0.814**
30KDa 1.000
Mean 3.8 SaeG 1B 0 2936 3= 2D
Stand. Dev. Q5 T 7 0.14 S 4.0 4.3
Min 2.6 2059 195 172 02 4.4
Max 6.0 &7 .4 2.26 38.6 14.3 S
Level of significance: *: P<0.035; **: P<0.01

1: Tendern. =
In figures 1 and the relation
between WBS and, respectively,

Troponin—T and the 30 KDa component
is shown. The relations found are
not different from the ones we
reported earlier (Buts et al, 1986b)

for a similar group of animals. The
introduction of Sl as second
independent variable in both
relations allowed explanation of a
significantly greater part of WBS
variability than i il B alone

(r?=0.640) but could not explain more
than 30 KDa alone.

For the relation between Tn-T and
30 KDa a similar regression equation
as before (Buts et al., 1986b, 1987):
] P 13.4 OeZon SOKas o
(rt=0.663, s = 2.36) is found. This
highly significant negative correla-
tion may indicate that 30 KDa is a
degradation product at’  linsils =it
this correlation does not necessarily
reflect a direct cause/effect
relationship.

The relation between Titin and WBS is

unclear and 1is influenced by the
difference 1in titin concentrations
between exp®* 1 and the two other

which we do not have
The fact that titin

experiments for
an explanation.

taste panel tenderness; exp® 1 only
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(n=20).

-~
a number of factol”

during storage of samples like £ime
of frozen storage (Greaser et als
1983) makes it difficult to indicat?
the contribution of titin ¥
tenderness variability.

Yy

CONCLUSION:

An  important
variability can
differences in
fragmentation
maturation),
of the structure
partly in sarcomere
be completely excluded even
absence of cold—-shortening.
also clear from our resultz

part of tender’ﬂe69
be explained *
(parallel) Droteg
(=differences in
although the influsfis
itself (reflect
length) cann®
in

It 1is
that proteolytic activity can oy
some extent be influenced j

modification of the cooling cond®
tions during installation of rigo"’
A far better knowledge of ﬂf
potential hydrolytic activity of
proteinases, the activity re
proteinase inhibitors and té
tenderizing mechanism in qeneral,z
needed before optimal cool%n
conditions for maximal tenderizatlo
can be indicated.
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Figure 1 : Regression of WBS on Troponin-T concentr.
Rggr6551on equation : WBS = 29.5 + 1.83 Tn—lconC
r- =0.576; S = 6.38 (n = 56)
WBS 70, <~
(\)

Regression of WBS on 30 KDa concentr.
Regression equation : WBS = 57.2 - 1.64 30 KDa_ |

Figure 2
2 =
"7 = 0.537; S = 6.67 (n = 56)

\
:
‘ ug BSA-eq./mg myof. protein
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STUDY OF PURIFICATICN ARD PROFERTIES OF
CREATINE KINASE FROM PORCINE SKELETAL

HUSCLES
ZENG Shi-yuan and LIO Yong-le

Food Science Department, Hangzhou Insti-
tute of Commerce, Hangzhou, P.R.China

Introduction

Creatine kinase EC 2.7.3.2. is an impor-
tant enzyme, which participates in the
cell energy metabolism and has direct re
lations with muscle contraction and ATP
regeneration. [t catalyzes the transphos
phorylation reaction botween creatine
and ATP.
@H
ATP + HyN-C-N=CHz-CO0"e==2
Clb

- y H -
ADP + 0—8—NH—§—N—CH2—COO +

0° CH,
This kinase is found in skeletal muscle,
cardiac muscle and brain tissue, present
ing three different types, viz.: MM-type
(in muscle), BB-type (in brain) and MB-
type (in cardiac and other tissues). In
recent years, researches reveal thal cre
atine kinase has important role in Na-K-
ATP pump system.(1) Clinically it is al-
so highly evaluated as in the early sta-
ge diagnosis of myocardial infarction
and in estimating the dimension of in-
farction,(2) Especially when certain
myocardial infarctions can not be judged
by electrocardiogram, the analysis of
serum creatine kinase is of great use.
(2),(3). Therefore, the study of the pu-
rification and properties of creatine ki
nase has significance not only in theory
and also in practice.
In 1954 Kuby et al firstly purified and
crystallized this enzyme from rabbit ]i-
ver., (4).Thereafter, a series of isolat-
ion and purificatlion works were perform-
ed from muscles and brains of various
animals e.g. rat(5), monkey(6), carp(7),
chicken(8) and human being(9) and horse
(10). Among those, the study of creatinc
kinase from rabbit muscle was the most
detailed. The physico-chemical propert-
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Lhe
structure of subunits were all studied.

cataly!ic mechanisms and

es, Lhe

(11), (12), (13). Recenily, along with
the development of molecuiar biology,
cven the amino acid sequence of croat e
kinase from rabbit, chicken and rat were
analysed., (14)(015). Put of crea
tine kinase from pig are more less. Fof
pig has a great bulk of muscles, and plb

muscle is a good source of many biomol€”

et viet §orae
stuagios

cules, wmoreover pig is nearcr to humal
beings in biological species, so it IS

appropriate to isolate and purify cred”
line kinase from pig muscles instead of

from muscles of other minor animals.

Materials and methods

Haterials:

Frash muscles from Hangzhou Meat Factor!
Chemical reagents: All A.R. grade or
biochemical grade

Apparatus: Centrifuges, visible & ultrd”
violet spectrophotometers, partition
collectors, AA-analyzer (Hitachi 835-50/

Methods: |
1) Isolation and purification procedur®
a) Fraction | Crude extract

Minced pig muscles (back and leg) 4005
are homogenized with 0.@1M.KCL solutiol
(2ml./g.muscle) and then centrifuged
(3000 r.p.m.). The supernatant is fi1t¢
ed through 4 layers of cheesecloth, ThY
solution is the crude extract. |
b) Fraction 11 60% ethy! a}t0h0!~N850
precipitation y
The pll of the crude extract is adjust®
with 5M.ammonia solution to 9.08. Solid
NH,Cl is added till the concentration
brought to 0.1 M., and adjust pH to 9«
once more. After stirring for 1hr., 95k
ethyl alcohol is added at -10 C., t0 3
concentration of &0% (taking the 95% al
cohol as 100%). Stirring is continued
for half an hour. The solution is waﬂ”6
to 10°C., centrifuge (3000 r.p.m.)for é
minutes. To the supernatant, pH 8.5, #

)

M MgSO04 solution is added to the conc®
tration of ©.03 M.. Restore the concel

tration of alcohol to 6@%, stir for 15

minutes at about 10°C.. Centrifuge fof
30 minutes (4000 r.p.m.). The preciplwy
ate is extracted twice with pH 9.0, @
M. Mg(Ac), (The amount for the first [m
is 8% of that of crude extract, for U




Stcond time is 4%). Cenirifuge for 30
Uinutes (4000 r.p.w.). Combine the su-
M rnatants and add 95% ethy! alclhol
"10°C, to the concentration of 50%. Stir
for 39 winles, centrifuge at -5°C.for
?? minutes (4000 r.p.m.). The precipit-
8 js dissolved in pH 8.0, @.01 K, tris
burrer solution.
€) Fraction 111  (NH4), S04 procipita-

'on (@.45-0.75 saturation)

he: above solution is dialysed against
{he Same tris buffer solution for 24 hrs
Chtrifuge for 30 minutes (4000 r.p.m.).
10 the supernatant, (NH4)g SO, is added
0 0.45 saturation, while 1 M. NH4ON is
?gqﬂd to maintain the pH to 7.8. Put as-
(»“ for 2 hrs, centrifuge for 30 minutes
.4”“0 r.p.m.) To the supernatant (NH)SO,
'S again added 1o .75 saturation. Stand
Y for 3 hrs. Centrifuge for 30 minutes
rilﬂﬂﬂxg.). Dissolve the ppt.in the same
(Jffer solution and dialyse to remove
W4), 504, And then use pH 8, 0.02 M.
Fis solution containing @.01 M. mercap-
90 1o equilibrate.

O Fraction IV DEAE chromatography
I:xn @.02 M. pH 8.5 tris buffer to equi-
brate the DEAE column (20x1.5 cm.).
atd Ssample in 3 batches. At room temper-
tr?Fe (8°C.) use 0.02 M. tris and 0.1 M.

IS buffer (pH 8.1) 100 mi. cach to elu
(ie‘ Collect in tubes, 7 min. one tube
m]mla). Combinc the cluates which show
Sazyme activity. Add (NH4),S0, to 0.9
“Alratijon, centrifuge, suspend the ppt.
N small amount of (NH4), S04 soln. with

€& same degree of saturation. Kecp at
gasic,
<) Determination of enzyme aclivity
ﬁ; Creatine color reaction method (16)
3 PH method (17)(18)

Protein determination Biuret method
(19?AGE method for purity determination

3

5

) Sephadex gel chromatography for mole-
Vlar yeight determination (19)
('tSDS~PAGE method for molecular weight
7y SFmination (19)

Amino acid analysis (20)

TrYDtophane determination (19)

VEsuLrg
érPFUfiFication and identification of
Aline kinase
chom.4@@ g. of pig muscles, 30 ml. of
/n Atine kinase solution (16 mg.protein
) were obtained. Activity recovery

was 42.5%, specific activily was 85
units/img. protein. ( table [ )

I 11 i1l 1V
step crude Alc. (NH:)SOx  DEAE
I[tem extract Mg50, ppt. chromat.

—PPL.

total
protein 11080 - 1183 734 480
Lotal

aclivity 96000 55680 47056

specific

activity

uits/mg. 8.66 47.06
protein

purifi-

cation

fold 1.0 5.42 7.40 9.82

64.10 85.00

Table | Purification of creatine kinase

0.D. 3.5
3.0 ActiviTy o
29 250
2.0 200
15 160
1.0 100
0.5 50
@ : @ S e

S 10 15 20 25 30 35 40

No. of tubes

0.D.280
________ Enzyme activity

Fig.1 DEAE chromatography




1 2 3 4
m =z

Fig.2 PAG-electrophoretic spectrum
Conc. of gel 7%,
stained by aniline black
Tube 1,2,3,4 correspond the fraction I,
[I, III, IV respectively
Tube 4 (one band only) shows the enzyme
preparation has attained electrophoretic
pure

2

7

J

Fig. 3 SDS-PAG electrophoretic spectrum
of fraction [V

Conc. of gel: Tube 1, 7.5%, Tube 2, 10%,
stained by commaise blue R-25

2) Determination of M.W. of creatine
kinase

a) M.W. determination by sephadex chro-
matography

The M.W. of creatine kinase 83,000 was
obtained from standard curve made from
the data on tahbhle I[I.
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I[tem H.¥W Vol. of
Proteins eluate
horse liver
dehydrogenase 80,000 2
bovine serum

albumin 67,000 32
horse radish

peroxidase 40,000 43 i
trypsin 23,300 DD .
sample 83,000 29

-

Table Il Yolume of eluate of standard
proteins and sample protein

b) M.¥W. by SDS-PAGE-method
The M.N. of creatine kinase subunib
42,000 was obtained from the standard
curve made from the data on tahle II[-
The relative motility of sample waS
0.525, the corresponding M.W. was abou!
42,000.

-
BESS

[tem dye band relative log "';
frontier dist. motility M.W. X1
//’
phosphory- A0
lase B 6.4 1.2 0.187 4.937 9.7
_______________________________________ :
THY 6.4 58 0.906 4.243 LT
carbonic
anhydr- o0
ase 6.4 4.5  0.703 4.447 37
________________________________________ ;
actin 6.4 3.2  0.500 4.633 43
bovine
serum 7@
albumin 6.4 2.2 0.343 4.826 O
_______________________________________________ !
sample 6.1 3.2  0.525 4.630 4%

-
s esai

Table 111 Band distances (cm.) of St&
dards and sample




) Amino acid analysis
a) Tryptophane content
S0mg./g.protein obtained from the
Standard curve.
b) Total amino acids analysis (except
'D.) by amino acid analyzer

-
e .

AMino content amino content
acig mg.% protein acid mg.% protein
Asp.  113.33 Cys. 9.95
Thr, 37.875 Val. 56.34
Ser. 37.837 Met . 28.71
Glu, 118.47 lle. 26.53
Ala, 26.37 Leu. 86.74

\
Gly,  46.76 Tyr. 13.22

_ Phe, 47.43 Lys. 89.18

s, 29,78 Arg.  47.40
Pro 33.07

~
~—o

Table Y Amino acid Analysis results

;z,Kinetic properties of pig muscle cre-
Ine kinase
1 ) Opt imum pH
€ optimum pH of this enzyme is between
e V7.0, obtained from the figure 4 bas-
DlQan the data on table Y. The enzyme
O'IVlty was determined by creatine col-
k Feaction method. Enzyme conc.0.06 mg.
()tE‘.in /ml..

\\\

Dﬁtem Activity

<y Activity ratio

S ——————————————————————————————
- 2.975 35

&2 5.950 70

i 7.990 94

. 8.500 100

50 5. 100 60

i 2.215 25

=)
~——

| .
blg V The influence of pH on creatine
kinase activity
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100
activity
ratio 80
60
40

20

0
5.5 1 650r 16,50 7.8 75 N80
pH
Fig.4 The optimum pH of creatine kinase

b) The influence of temperature on
creatine kinase
Keep creatine kinase solution at di
fferent temperatures for 15 minutes, the
inactivation is significant at 60 C.
(Table V1, Fig. 5)

aclivity before after ratio
incubation incubation
20° C 60 60 100%
25 °C 60 60 100%
30 C 60 60 100%
35 C 60 60 100%
AQ° C 60 53 88%
4576 60 50 83%
50° C 60 30 50%
60" C 60 0 0

Table V¥I The influence of temperature on
creatine kinase activilty

100
activity
ratio

80
60
40

20

0

20 30 40 50 60
Temp. C.
The influence of temperature on
creatine kinase

Fig.5




c) Determination of activation energy E
the activation energy E of croati

Kinase is 14,280 calories, obtained from

Fig.6 based on the data on table V11, by

Arrhenius eguation:

log a, /a, = E(T, -T,)/2,303 RT, T,

From Table VII il is Found the optimum
temperature of creatine kinase is 35 C.
The activities at different temperatures
(cited on Table V1) are determined by
pH-method. The enzyme concentration is
ahout 3mg.protein/ml.

ine

Item activity log activity 1/Tx19
Temp.

15°C 48 1.681 34,7
20°C &0 1.778 34.2
2ot 110 2.041 33.5
30°C 179 2.230 33.0
J9u6 240 2.380 3249
40 °C 200 2.300 a9
Tahle VII The activity under different

temperatures

Log
agti— 2,
vity -

e S e e NN RN TN ROV EING
N NTTOS W

32 32,5 38 33,534 34.5 35
Lyt
Fig.6 The activation energy E of creat
ine kinase

d) Determination of Michaelis constant
m

The activity is determined by pH-method,

plot as Lineweaver-Burk method.
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P

.
{
s fixed at ob

ou

(1) Km-A
Creatine |
tained from Fig.7 anc

49 mM. 1/Km is
hence Kn=2.04 mH.

179 '

Fig.T Lineweaver-Burk plot of Km-ATP
(2) Km-creatine

ATP concentration is fixed at 4mM/3ul’
1/km is oblained from Fig.8,
Km-creatine equals 14.28mM. |

hoenee

1/Y

Fig. 8 Lineweaver-Burk plot of
Km-creatine




DIscnsson

I 1954, Kuby et al (4) firstly isolated
ad pyrified creatine kinase from rabbit
Mscle, oOwing to the crystallization
Process was more Uime-comsuming, many
Ydifications were performed. In 1981
UShihide and Takasawa (21) purified
"ithout crystallization, crealine kin-
?se from pig muscles with DEAE ion ex-
“Ange chromatography and CM-cellulose
®hromatography. The activity recovery
"8 41%, purification fold was 8. We us-
?d fractional precipitation method with
2lcahol & ammonium salts, and DEAE ion
:fChange chromatography method, in con-
gé(lon that no cold room was available,
?0[ a satisfactory result--activity re-
UVery 42.5%, purification fold 10. The
wéu' of porcine creatine kinase 83,000,
= Oblained by sephadex chromatography,
“zvncafer to that of rabbit creatine Ki-
58,82,000. (23) The H.N. of subunit by
"DS-PAGE method, is 42,000. The reproduc
llity of these two methods was high.
'® amino acid analysis results of porc-
(39 Creatine kinase vere nearer to that
. rahbit creatine kinase. (24) The op-
‘{“Um pH, heat stability were nearer to
10se of chicken (25) and human (26)
"6atine kinase. Activation energy,
Chaelis constant are all nearer to th-
TEZ Of rabbit creatine kinase. (21)
DOFfefore it is hlgnly fgaS|ahle to use
“Cline creatine kinase instead of rabb-
DFWQFQatinefﬁn scientific and clinical
9Clice, Kinase
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